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ABSTRACT 
 
 
The two-stroke engine is widely used in motorcycle especially in motorcycle 
racing and also for the kart engine. The mechanical simplicity of the two-stroke 
engine gives it great power, and makes it a tempting target for tuning operations. The 
key to successful design, development and modification is knowledge of the engine's 
operating principles itself [8]. A firing of engine test rig built specifically for high 
speed application is design for two strokes spark ignition engine to allow further 
study and have better understanding of flow mechanism of the engine at high speed 
condition. This project represents the experimentally testing for two-stroke spark 
ignition engine and the method of measurement for the engine. The objective of this 
project is to design and fabrication of firing test rig for two-stroke spark ignition 
engine. The first step is design and modeling of the engine test rig using the 
SolidWork 2005 software. Then, after the design have been finalize, the fabrication 
process will take place to mount the engine and also all the equipment needed during 
the testing. For fuel consumption measurement, the data will completely using a 
gravimetric method and for air consumption measurement, the data will be are 
measuring using the airbox method respectively.  
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ABSTRAK 
 
 
Enjin dua lejang telah digunakan dengan meluas dalam motosikal terutama 
dalam motosikal lumba dan ia juga digunakan dalam enjin kart. Mekanikal yang 
mudah dalam enjin dua lejang memberikannya kuasa yang hebat dan membuatkan ia 
mencapai target dalam operasinya. Kunci untuk berjaya dalam mereka, membangun 
dan memodifikasi enjin dua lejang adalah dengan memahami prinsip operasi enjin 
dua lejang itu sendiri. Pembinaan tempat untuk menguji prestasi dalam pembakaran 
sesebuah enjin dalam kelajuan yag tinggi adalah kursus untuk memudahkan kajian di 
masa hadapan serta permahaman yang mendalam dalam mekanisma pembakaran 
didalam enjin pada kelajuan yang tinggi. Projek ini memperkenalkan ujian secara 
experiment  untuk enjin dua lejang nyalaan pencucuh dan cara untuk mengukur data 
bagi enjin ini. Objektif utama untuk projek ini adalah mereka dan membuat tempat 
menguji enjin dua lejang nyalaan pencucuh untuk kes pembakaran. Langkah pertama 
adalah menguji enjin dalam kelajuan yang berbeza. Kemudian, data akan diambil 
daripada alat ukuran yang telah di pasangkan kepada panel dan disambung secara 
terus kepada DAQ sistem. Untuk pengukuran kadar minyak, data akan diambil 
sepenuhnya dengan cara graviti dan untuk pengukuran bagi kadar udara, data akan 
diukur menggunakan cara airbox.  
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
 
A firing condition for two-stroke engine test-rig have been design and develop to 
allow a further study and have better understanding about performance and the gas 
emission of the two-stroke engine test rig [3] [4]. Experiment method is the most reliable 
method to investigate the cause and effect and to execute parametric engine study on 
engineering device. The test engine is mounted on the engine casing which gives 
easiness in storage and portability. The development of the test-rig engine casing needs 
to use the strong and light weight material like alloy steel and its have to require fewer 
tools as possible. The casing has to be fitted and assembled as rigid as possible to avoid 
the casing from loosen because of the vibration occur during the performance testing. 
The damage also will be effected the experiment result. 
 
 
1.2 PROBLEM STATEMENT 
 
The principle advantages of the two-stroke engines are high specific power 
output, mechanical simplicity and low production and maintenance cost. However, these 
engines have serious drawback, like poor brake thermal efficiency and emission levels of 
HC and CO. On the previous study [1] [2] [5] [6] [10], these are due to short-circuiting 
of the fresh fuel air mixture and poor combustion at light load arising due to exhaust gas 
dilution of the charge. Also it’s not clearly specified the parameter of the two-stroke 
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engine testing [17] [23] [46] [48]. The performance of the engine 2 stroke cannot be 
clearly discussed. Through this study, the important parameters of two stroke engine 
testing will be determined. 
 
 
1.3 OBJECTIVE  
 
The objective of this project is to design and fabrication of firing test-rig for two-
stroke spark-ignition engine. 
 
 
1.4 SCOPES  
 
1) Literature review about two-strokes engine 
2) Design and modeling of the engine test rig for firing condition 
3) Fabrication of engine test rig for firing engine testing for two-stroke small 
engine 
4) Measurement installation equipment on the test rig for firing condition 
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CHAPTER 2 
 
 
LITERATURE RIVIEW 
 
 
2.1 INTRODUCTION 
 
 This chapter will provide about all the data collection done regarding on the 
project title and based on the fabrication of firing test-rig for two-stroke spark-ignition 
engine. Because of the title is design and development of new engine test-rig for two-
stroke spark-ignition engines, the first step is to study about the project via searching the 
related literature review about the project and important information is gather. The first 
topic is about to define the internal combustion engines and then it follows by the basic 
understanding of the two-stroke engines. Some study about the advantages two-stroke 
engines over four stroke engines has been carried out to differentiate this kind of 
engines. 
 
 
2.2  INTRODUCTION TO INTERNAL COMBUSTION ENGINE 
 
The internal combustion (IC) engine date back to 1876 when Nicolaus A. Otto 
first develop the Spark-Ignition engine and 1892 when Rudolf Diesel invented the 
Compression-Ignition engine [1] [4] [5]. Internal combustion engines are used to 
produce mechanical power from the chemical energy contained in hydrocarbon fuels.  
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An internal combustion engine is any engine that operates by burning its fuel 
inside the engine. The most common internal combustion engine type is gasoline 
powered. Others include those fueled by diesel, hydrogen, methane, propane and many 
more. Engines typically can only run on one type of fuel and require adaptations to 
adjust the air/fuel ratio or mix to use other fuels [2] [4]. In a gasoline engine, a mixture 
of gasoline and air is sprayed into a cylinder. This is compressed by a piston and at 
optimal point in the compression stroke, a spark plug creates an electrical spark that 
ignites the fuel. The combustion of the fuel results in the generation of heat, and the hot 
gases that are in the cylinder are then at a higher pressure than the fuel-air mixture and 
so drive the piston back down. These combustion gases are vented and the fuel-air 
mixture reintroduced to run a second stroke [40] [42]. The outward linear motion of the 
piston is ordinarily harnessed by a crankshaft to produce circular motion. Valves control 
the intake of air-fuel mixture and allow exhaust gasses to exit at the appropriate times 
[24] [28]. 
 
The combustion in the two-stroke engine depends strongly on the scavenging gas 
flow. The measurement of scavenging process of internal combustion engines is 
extremely difficult, and there are few direct method to determined the flow rate of the 
fresh air into the cylinder to understand the scavenging flow process [5] [7]. 
 
 
2.3  TWO STROKES ENGINES 
 
The cycle as in two or four, of an internal combustion piston engine is defined by 
how many strokes of different direction must be accomplished to complete one cycle of 
combustion. One cycle is defined as the time between two ignitions of combustible 
material. The cycles are often divided into strokes. Each stroke is motion in one 
direction [3]. 
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 In two strokes engines, the cycle is completed in one revolution of the crankshaft 
[3] [9]. In these engines, the crankshaft is sealed, and the outward motion of the piston is 
used to slightly pressure the air-fuel mixture in the crankcase. Also the intake and 
exhaust valves are replace by opening in the lower potion of the cylinder wall. During 
the latter part of the power stroke, the piston uncover first and exhaust port, allowing the 
exhaust gases to be partially expelled, and the intake port, allowing fresh air-fuel mixture 
to rush in and drive most of the remaining exhaust gases out of the cylinder [4].The 
potential of the two strokes engines has become more and more subject to increasing 
research work trying to optimize the power-weight ratio as well as the pollution 
emissions especially with the development of high efficient direct injection system [6] 
[12] [13]. The conventional two stroke engine operates by inducing the air and fuel into 
the crankcase and supplies a homogeneous mixture of air and fuel to the cylinder [16]. 
The principle advantages of these two strokes engines are high specific power output, 
mechanical simplicity and low production & maintenance cost [3] [15].However, these 
engines have serious drawbacks, like poor brake thermal efficiency and emission level of 
HC and CO [5] [13] [38] [49]. 
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(a) Air intake       (b) Compression       (c) Combustion       (d)Exhaust emission 
 
Figure 2.1: Scheme Cycle in 2-Stroke Engine System [24]. 
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2.4  ADVANTAGES AND DISADVANTAGES OF TWO-STROKE ENGINES 
 
2.4.1  Advantages 
 Two-stroke engines do not have valves, simplifying their construction [3].  
 Two-stroke engines fire once every revolution while four-stroke engines fire 
once every other revolution. This gives two-stroke engines a significant power 
boost [3] [4].  
 Two-stroke engines are lighter, and cost less to manufacture [3] [33] [47].  
 Two-stroke engines have the potential for twice the power in the same size 
because there are twice as many power strokes per revolution [3].  
2.4.2  Disadvantages 
 Two-stroke engines don’t live as long as four-stroke engines. The lack of a 
dedicated lubrication system means that the parts of a two-stroke engine wear-out 
faster. Two-stroke engines require a mix of oil in with the gas to lubricate the 
crankshaft, connecting rod and cylinder walls [3]. 
 Two-stroke oil can be expensive. Mixing ratio is about 4 ounces per gallon of gas 
will burning about a gallon of oil every 1,000 miles [3]. 
 Two-stroke engines do not use fuel efficiently, yielding fewer miles per gallon 
[3].  
 Two-stroke engines produce more pollution [5] [13].  
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2.5  ADVANTAGES OF 2-STROKE ENGINES OVER THE 4-STROKE 
ENGINES 
The main difference between two strokes and four strokes engines is the method 
of filling the fresh charge and remove the burnt gases from the cylinder [3].The 
advantages of two strokes engines over four strokes are evident [6] 
 A compact size and low weight with respect to engines output and potentially 
smaller mechanical losses [6]. 
 Higher engine power per weight ratio will result the smoother torque vs. time 
profile; smaller flywheel (lower moment inertia) [1] 
 Exhaust and intake strokes are removes, thus doubling the number of power 
strokes per unit time [1] 
 Mixing between the two gasses result in inherent exhaust gas recycling and 
reduction of NOx emissions [1] [4]. 
 Simple structure, low production cost, small bulk volume and simple 
maintenance [1]. 
 Potential for lower exhaust emissions and superior thermal efficiency, reduced 
weight and greater compactness [27].  
 The inherent double cycle frequency and the low mechanical friction and 
pumping losses give to the two-stroke engine its qualities of high specific power, 
compactness, and drive ability and low nitric oxides emissions[21] [27]. 
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Table 2.1: Comparison of Four Strokes and Two Strokes Cycle Engines [3] [25] [27]. 
Four strokes engines Two strokes engines 
The thermodynamic cycle is completed in 
four strokes of the piston or in two 
revolutions of the crankshaft. One power 
strokes is obtained in every two revolution 
s of the crankshaft. 
The thermodynamic cycle is completed in 
two strokes of the piston or in one 
revolutions of the crankshaft. One power 
strokes is obtained in each  revolution s of 
the crankshaft 
Turning moment is not so uniform and 
hence a heavier flywheel is needed 
Turning moment is more uniform and 
hence a lighter flywheel can be used 
Power produced for same size of engines is 
less, or the same power the engines is 
heavier and bulkier 
Power produced for same size of engines is 
twice, or for the same power the engines is 
lighter and compact 
Four strokes have valves and valve 
actuating mechanism for opening and 
closing of the intake and exhaust valve for 
opening and closing of the intake and 
exhaust valves 
For the valves, the Four strokes engines 
have no valves  but only port (some two 
strokes engines are fitted with conventional 
exhaust valve or reed valve) 
Because of comparatively higher weight 
and complicated valve mechanism, the 
initial cost of the engine is more 
Because of light weight and simplicity due 
to the absence of valve actuating 
mechanism, initial cost of the engine is less 
Volumetric efficiency is more due to more 
time for induction 
Volumetric efficiency is low due to lesser 
time for induction 
Thermal efficiency is high, part load is 
better. 
Thermal efficiency is power, part load is 
poor. 
Used where efficiency is important like in 
car, busses, truck, tractor, aero planes and 
power generation. 
Used where low cost, compactness and 
light weight are important like in mopeds, 
scooters, and motorcycles 
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CHAPTER 3 
 
 
METHODOLOGY 
 
 
3.1 INTRODUCTION 
 
This chapter will explain detail about the methodology from the beginning until 
the project will be achieved. In order to make the project successfully, the work have to 
be arrange carefully and its have to pass through the step by step and work by work to 
make sure the project progress can be done in fluently without any rough error.  
 
3.2 THE FLOW CHART 
 
This project is start with search the literature review about the project and the 
main important of the project is to determination of the objective. The literature reviews 
play an important part to give a information about the study case also give a way how to 
deal with the problem that will face along the project journey. The flow chart is the 
simplest, compact and the best way to show the overall project methodology and the all 
the project progress is shown in order to achieve the objective of this project. The overall 
methodology is explaining based on the flow chart below: 
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OVERALL METHODOLOGY 
 
 
 
 
Figure 3.1: Flow Chart of Overall Methodology 
 
 
----------------------------------------------------------------------------------------------------------------- 
Determining Required Equipment 
Concept 
Selection 
Literature Review 
 
  
No 
Design and modeling 
conceptualization 
 
Measurement installation 
 
Fabrication 
Define for material use 
 
Documentation 
 
Firing testing condition 
FYP 1 
FYP 2 
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3.3 METHOD OF STUDY 
 
3.3.1 Experimental Study for firing condition 
 
 
 
Figure 3.2: Engine Model with Input-Output Parameter [6].  
 
Experiment method is the most reliable method to investigate the cause and 
effect and to execute parametric engine study on engineering device. Firing 
measurement in engines at a particular location and engine speed were performed 
consecutively but in different run with no changes in engine operating parameters [5] 
[13]. The input to the engine can be classified into two which are fuel and air. In this 
project, fuel and air usually measured in term of volumetric or mass flow rate and water 
input represent in the inlet temperature and mass flow rate of the engines cooling system. 
The output parameter for the engine is the in-cylinder properties and the exhaust gas. 
The most often measured cylinder properties is the cylinder pressure and the exhaust gas 
usually measured by taking the exhaust gas composition of the harmful exhaust gas like 
CO2, O2 and NO2.  
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Table 3.1: Small Fan Calibration Curve for Use as Load on Small 2-Strokes Engines 
 
 
Fan speed 
Mean Lower limit Upper Limit 
Torque Power Torque Power Torque Power 
Hz RPM Nm W Nm W Nm W 
10 600 0.17 10 0.13 0 0.21 20 
20 1200 0.51 63 0.47 53 0.55 73 
30 1800 0.97 183 0.93 173 1.01 193 
35 2100 1.25 274 1.21 264 1.29 284 
40 2400 1.55 388 1.51 378 1.59 398 
45 2700 1.87 528 1.83 518 1.91 538 
50 3000 2.22 695 2.18 685 2.26 705 
 
 
 
 
Figure 3.3: Small Fan Used As Load on Small 2-Strokes Engines 
 
Outer diameter : 12.4 cm 
Inner diameter  : 2.0 cm 
Attach diameter : 1.0 cm 
3.3.2 Engine Specification 
Attach diameter 
Outer diameter 
Inner 
diameter 
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Figure 3.4: Tanaka Engine BG-328A  
 
The engine that test in this project is two-stroke spark ignition engine model 328 
A Tanaka Engine. The specifications of engine are shown below [3] [5]: 
 
Table 3.2: 328 A Tanaka Engine Specifications [30] [5] 
 
Parameter Size/ Feature 
Cylinder type 
Compression type 
Displacement 
Scavenging concept 
Bore x Stroke 
Exhaust port opening / closing 
Scavenged port opening / closing 
Single cylinder, piston ported 
Crankcase compression 
30.5 cm³ 
Multi port-loop scavenged 
36 x 30 mm 
101 CA ATDC / 259 CA ATDC 
140 ATDC / 220 CA ATDC 
3.4 DETERMINING REQUIRED COMPONENT 
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3.4.1  Pressure Transducer 
 
 
Figure 3.5: Kistler Type 6041A Pressure Transducer [31] 
 
In order to measure the pressure produced in the engines, two different location 
of pressure transducer have been mounted in the engine system. Cylinder pressure was 
recorded with a Kistler Type 6041A water cooled pressure transducer is place in the 
cylinder head at top side.   
 
This pressure measurement was used in analyzing the data and also ad the 
indicator of the extend of high-pressure gas leakage as the ring material degraded under 
the high temperature fired engines conditions [12]. To mount the second sensor, the 
cylinder head was drilled using the computer numerical control (CNC) milling to make a 
hole for sensor location with a thread size M8 x 0.75mm. This sensor is used to measure 
data at the intake port which is low range type. The flushed mounting was being applied 
to minimize the lag in the pressure signal and avoid pipe connecting passage resonance. 
The Collected of cylinder pressure data at the average over 120 consecutive cycles with 
a crank angle encoder having resolution of 0.4º CA [5]. The units of pressure are defined 
through the standard of the fundamental dimension of mass, length and time [28]. 
